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WATER BUDGET ANALYSIS FOR CHEYENNE RIVER AT EDGEMONT TO CHEYENNE 
RIVER AT BUFFALO GAP WITH AND WITHOUT ANGOSTURA RESERVOIR 

in Cooperation with the USGS in Rapid City, SD
 
INTRODUCTION 

Evaluating the various proposed alternatives for future operating scenarios has required that methods
be developed for making flow projections downstream from Angostura Reservoir.  Because of this
need, detailed water budgets were developed for various reaches of the Cheyenne River, both
upstream and downstream from Angostura Reservoir.  All water budgets are derived from the
general water-balance equation, which states that the sum of inflows to a water body or river reach
must equal the sum of outflows and withdrawals, plus or minus any changes in storage.

Although the general method for development of water budgets is quite simple, accurate budgets
depend on the availability of adequate hydrologic information.  A relatively large number of USGS
streamflow gages have been operated in the study area and additional information also is available
from Reclamation's Hydromet data sets, as shown in table 3.1.  Hydromet data generally are
available for 1953-97; however, USGS data sets cover a wide variety of periods of record.  Thus, it
was necessary to use various periods of record in developing water budgets; however, no budgets
were developed prior to 1955, when the Angostura Irrigation unit became fully operational.

Two distinctly different categories of streams contribute to flow of the Cheyenne River in the
vicinity of Angostura Reservoir.  Most of the drainage area of the Cheyenne River upstream from
Angostura Reservoir consists of prairie grasslands situated in relatively low permeability materials
such as clays or shales.  Streamflow from these areas generally is intermittent and highly variable
(Miller and Driscoll, 1998).  Extended periods of zero-flow conditions are common during periods
of dry climatic conditions.  In contrast, several streams originating within the Black Hills area, which
is north of the Cheyenne River, have very steady flow characteristics because of large artesian
springs.

WATER BUDGETING FOR REACHES UPSTREAM FROM ANGOSTURA RESERVOIR

Water-budget methods were used to analyze flows upstream from Angostura Reservoir.  An initial
need was to develop methods for estimating evapotranspiration (ET) along the alluvial bottomlands
adjacent to the Cheyenne River and inflows from ungaged tributary areas.  To meet this need, flows
were analyzed between USGS gaging stations 06395000, Cheyenne River at Edgemont and
06400500, Cheyenne River near Hot Springs, for water year (WY) 1955-72, which is the entire
period of record available for the downstream gage (table 3.1).  Two other USGS gages have been
operated within this reach, which increases in area by 1,567 square miles.  Station 06400000, Hat
Creek near Edgemont (drainage area 1,044 square miles), had continuous record for this period.
Station 06400497, Cascade Springs near Hot Springs (drainage area 0.47 square miles), was not
operated during this period; however, the flow of this large spring is very steady (Appendix C) and
can be estimated with reasonable accuracy.  

Assuming that runoff from the ungaged area (522.5 square miles) is proportional to that of Hat
Creek, total runoff between the two main-stem gages can be estimated as flow from Cascade Springs
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(which averaged 19.5 cfs for WY1977-95)  plus 1.5 times runoff from Hat Creek.  Thus, ET within
the reach can be calculated as station 06400500 (near Hot Springs) minus 06395000 (Edgemont)
minus 1.5 times 06400000 (Hat Creek) minus 19.5 (Cascade Springs).  The resulting monthly ET
values (table 1) generally show a lot of scatter for months with large runoff; however, values for low-
flow months are much more consistent.  Median values exhibit a pattern that is consistent with pan
evaporation rates for the area.  The median values are smoothed to develop estimates of average ET
for May through October (table 1), which are the months in which substantial ET typically would
occur.  The resulting estimates are consistent with estimates that were developed for reservoir
evaporation (table 3.2).  The annual average for the smoothed monthly values is 4 cfs.

Examination of low-flow values for the stations considered (Appendix C) provides confidence that
the ET estimates are reasonable.  During extremely low-flow periods, virtually all of the flow within
this reach of the Cheyenne River originates from Cascade Springs.  This flow may be reduced by ET
during the growing season; however, little reduction would occur during the colder months.
Examination of records for station 06405000 (near Hot Springs) indicates that during November
through April, very few months have occurred with flow less than about 20 cfs.  For July through
October, when larger ET occurs, flows ranging from 10 to 20 cfs are fairly common.  This provides
good evidence that ET estimates are reasonable.

The estimated ET rates were used to develop a water budget for Angostura Reservoir and that reach
of the Cheyenne River extending upstream to gaging station 06395000 (Edgemont).  This water
budget, which is shown in figure 1, is based on a combination of USGS streamflow data,
Reclamation Hydromet data, and estimated values.  The period of record used is WY1984-97
because streamflow data are available for most of this period for three major tributaries to the reach
(Hat Creek, Cascade Springs, and Horsehead Creek).  During 1984-97, Hydromet data show that
inflows to the reservoir averaged about 119 cfs, of which 2 cfs was retained as increased storage, 10
cfs was lost to evaporation and seepage, and 107 cfs was released from the reservoir.  Releases
consisted of diversions to the irrigation canal of 50 cfs and releases to the Cheyenne River of 57 cfs.
Inflows from measured sources upstream from the reservoir accounted for 111 cfs.  Using estimated
ET of 4 cfs for the reach, inflows from ungaged areas of about 726 square miles in the reach are
calculated as 12 cfs.  By comparison, Hat Creek yielded an average of 15 cfs from 1,044 square
miles.  This information was used to develop a method for estimating flow from ungaged areas near
Angostura Reservoir, based on flow in Hat Creek, which has a long period of record.  In subsequent
water budgets, ungaged flow is estimated as 1.16 times the flow of Hat Creek times the ratio of the
ungaged area to the area of Hat Creek.
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Table 1: Calculated values of monthly evapotranspiration, in cfs, from Cheyenne River bottomlands
between Edgemont and Angostura Reservoir -------
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     Figure 1: Water Budget for Angostura Reservoir and Upstream Reaches 
(1984-97 Period of Record)

| <----- Cheyenne River at Edgemont 69 cfs
|
|

Hat Creek nr Edgemont 15 cfs -----> |
| <----- Cascade Springs nr Hot Springs 20 cfs
|

     | <----- Inflows from ungaged areas 12 cfs
|
| ------>Evapotranspiration from river bottom 4 cfs
|

Horsehead Creek 7 cfs --------------> | <----- Estimated Total Inflow to Angostura Reservoir 119 cfs
          /  \ 69+15+20+12+7-4=119 cfs

         /    \ --->Average increase in storage 2 cfs
      /      \ -->Evaporation and seepage from reservoir 10 cfs
    /        \
  /_________\ 119-2-10=107 cfs
     / |

Canal Release 50 cfs  --------->  / | <----- River Release 57 cfs 
 / | Total Reservoir Release 50+57 = 107 cfs
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WATER BUDGETING FOR REACHES DOWNSTREAM FROM ANGOSTURA RESERVOIR

Various water-budgets methods also were used to analyze flows downstream from Angostura Reservoir.
One need was to estimate return flows from the Angostura Irrigation Unit to the Cheyenne River.  Another
need was to develop methods for making flow projections for use in evaluating proposed alternatives for
future operating scenarios.

Figure 2 shows a water budget for WY1969-80 between Angostura Reservoir and USGS gaging station
06402600, Cheyenne River near Buffalo Gap.  Inflows to the reach of river downstream from the reservoir
include average releases of 49 cfs and measured tributary inflows of 22 and 7 cfs, respectively, from Fall
River and Beaver Creek.  Inflows from ungaged tributary areas of 443 square miles are estimated as 4 cfs,
based on 1.16 times 443/1,044 (drainage area ratio) times 8.8 (average flow of Hat Creek during WY1969-
80).  Return flows from irrigated areas along Beaver Creek are estimated as 2 cfs and return flows from
the Angostura Irrigation Unit are estimated as 33 cfs.  Outflows include flow of about 113 cfs at the
downstream end of the reach and estimated ET of 4 cfs, which is based on the same ET estimates that were
developed for the reach upstream from the reservoir.  

Figure 2: Water Budget for Angostura Reservoir and Downstream Reaches 
(1969-80 Period of Record)

|
|  <-----Estimated Total Inflow to Angostura Reservoir 117 cfs

          /  \
         /    \ <---Average release from storage 3 cfs

      /      \ -->Evaporation and seepage from reservoir 10 cfs
    /        \
  /_________\ 117+3-10=110 cfs
     / |

Canal Release 61 cfs --------->   / | <----- River Release 49 cfs
 / | Total Reservoir Release 61+49 = 110 cfs

Consumptive Use 28 cfs<---- / |
         /    | <----- Fall River at Hot Springs 22 cfs
       /  | <----- Beaver Creek nr Buffalo Gap 7 cfs
     /      | <------------- Beaver Creek return flow 2 cfs
   /      | <-----Inflows from ungaged areas 4 cfs

Return Flows 33 cfs ------------------>|
|  ----->Evapotranspiration from river bottom 4 cfs
|
| <----- Cheyenne R. Nr Buffalo Gap 113 cfs
| 49+22+7+2+33+4-4=113cfs

   |
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The estimated return flows of 33 cfs from the Angostura Irrigation Unit represent about 54 percent of the
canal releases of 61 cfs that occurred during WY1969-80.  Consumptive use is estimated as 28 cfs, or
about 46 percent of the canal releases.  Following is a detailed description of how the return flows were
estimated.

Return flows were first calculated on a monthly basis for WY1969-80, using monthly data for the inflows
and outflows downstream from the reservoir that are identified in figure 2.  Calculated monthly values for
return flows are shown in table 2.  The calculated values are remarkably consistent, with a very limited
number of values that deviate from the means or medians for any given month by more than about 20
percent.  Most values that deviate substantially are either during winter months, when effects from ice
formation can occur, or associated with high-flow events, when measurement accuracy can be relatively
poor.  The most notable example is for WY1978, when extremely large flows occurred during May and
subsequent months.  The large negative value for May can only be attributed to measurement error.
Because of this large apparent error, the annual mean for WY1978 for station 06402600 (near Buffalo Gap)
was adjusted for use in water budgets.  This adjustment is described later, in more detail.

The median values are selected as being most representative of typical return flows, because one or more
anomalous values, such as May through August of 1978, do not affect the medians as much as the means.
Thus, annual return flows from the Angostura Irrigation Unit are estimated as 33 cfs, with monthly values
distributed as shown by the medians in table 2.  The largest return flows generally occur in August through
October and the smallest return flows occur during January through April or May.
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Table 2: Calculated monthly return flows, in cfs, from Angostura Irrigation Unit to Cheyenne River 
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FLOW PROJECTIONS FOR REACHES DOWNSTREAM FROM ANGOSTURA RESERVOIR

The water budget that was developed for the reach downstream from Angostura Reservoir was used to
develop a model for making flow projections for this reach.  Input for this model consists of monthly
values from various Hydromet data sets, USGS streamflow gages, and estimated values for ET, ungaged
inflows, and return flows.  Hydromet data for reservoir inflows were used as the input for the upstream end
of the reach.  This data set was modified to eliminate small negative values by establishing a "minimum
allowable inflow" for each month equal to the minimum monthly values recorded for gaging station
06400500, Cheyenne River near Hot Springs, during the period of record from WY1944-72.  The
minimum values range from about 10 to 20 cfs for most months, which realistically reflect minimum
inflows from Cascade Springs, which are subject to reductions by ET during dry months.  Releases to the
river were calculated by adjusting inflows for changes in storage, evaporation from the reservoir and
releases to the canal.  This method makes the model applicable for projecting downstream flows under
other proposed operating alternatives.  Inflows to the reach downstream from Angostura Reservoir
included measured values for tributary inflows from Fall River and Beaver Creek, as well as estimated
inflows from ungaged areas, based on measured flows of Hat Creek.  Inflows also included the monthly
estimated values for return flows from the Angostura Irrigation Unit and estimated return flows of 2 cfs
from irrigation areas along Beaver Creek.  The only outflows included in the model are estimated values
for ET along the river bottom, which are the "smoothed estimates" that were presented in table 1.  Data
sets that were used for modeling, as well as various output that was generated, is included in Appendix XX.

The model was calibrated by projecting flows for station 06402600, Cheyenne River near Buffalo Gap,
for WY1969-80, as shown in table 3.  This table includes statistics for WY1955-97, which corresponds
to the period of reservoir operation, and for WY1969-80, which is the period of record for the streamflow
gage near Buffalo Gap.  Comparison of the projected flows and statistics for WY1969-80, with historic
flows and statistics for the streamflow gage (Appendix C) indicates that the model does an excellent job
of projecting flows under the current operating scenario.  The predicted annual mean for WY1978 is 316
cfs, which is much larger than the historic mean of 243 cfs (Appendix C).  The predicted value is much
more realistic than the historic value, because of a large discrepancy in historic flow data for May, 1978,
for stations 06401500 and 06402600, which is attributed to high-flow measurement inaccuracy.  Thus, the
projected value was used to derive an adjusted mean flow for WY1969-80 of 113 cfs for station 06402600
(figure 2).

A graphical comparison of historic flows and projected flows for the Cheyenne River near Buffalo Gap
is presented in figure 3, which includes six graphs depicting means; maximum values; 75th, 50th, and 25th
percentiles; and minimum values.  These graphs indicate that projected monthly values are very similar
to historic values.  The largest discrepancy is in projecting minimum monthly values.  Historic minimum
values for several months are substantially lower than projected minimum values.  Historic minimum
values for December and January probably are a result of ice formation within the river channel, which can
not be predicted using water-budget methods.  Differences between historic flows and projected flows are
relatively minor for the 25th percentile and all other categories.  This provides confidence that flows can
be projected with reasonable accuracy.
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Table 3: Projected monthly flows, in cfs, for USGS gaging station 06402600, Cheyenne River near Buffalo Gap, for current operating scenario
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 Figure 3: Graphical Comparison of Historic Flows and Projected Flows for USGS gaging station
06402600, Cheyenne River near Buffalo Gap
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Figure 3 Continued
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OVERALL WATER BUDGET FOR CURRENT OPERATING SCENARIO

Figure 4 shows an overall water budget for WY1955-97 for Angostura Reservoir, including both upstream
and downstream reaches.  Hydromet data for reservoir inflows and outflows and USGS streamflow data,
when available, were used as the primary basis for the overall water budget.  Other values were estimated
as necessary, or derived from previous water budgets.

Figure 4: Overall Water Budget for Angostura Reservoir and Adjacent Reaches 
(1955-97 Period of Record)

| <----- Cheyenne River at Edgemont 83 cfs
|
|

Hat Creek nr Edgemont 16 cfs -----> |
| <----- Cascade Springs nr Hot Springs 20 cfs
|

     |
|
| ------>Evapotranspiration from river bottom 4 cfs
|

Inflows from Horsehead Creek |
and ungaged areas 12 cfs ----------> | <----- Estimated Total Inflow to Angostura Reservoir 127 cfs

          /  \ 83+16+20+12-4=127 cfs
         /    \ --> Average increase in storage 1 cfs

      /      \ -->Evaporation and seepage from reservoir 10 cfs
    /        \
  /_________\ 127-1-10=116 cfs
     / |

Canal Release 56 cfs  --------->  / | <----- River Release 60 cfs 
 / | Total Reservoir Release 56+60 = 116 cfs

Consumptive Use 26 cfs<---- / |
         /    | <----- Fall River at Hot Springs 23 cfs
       /  | <----- Beaver Creek nr Buffalo Gap 7 cfs
     /      | <------------- Beaver Creek return flow 2 cfs
   /      | <-----Inflows from ungaged areas 8 cfs

Return Flows 30 cfs ------------------>|
|  ----->Evapotranspiration from river bottom 4 cfs
|
| <----- Cheyenne R. Nr Buffalo Gap 126 cfs
| 60+23+7+2+30+8-4=126cfs

   |
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Total inflows to Angostura Reservoir during WY1955-97 were about 127 cfs.  During this period,
measured flows of the Cheyenne River averaged 83 cfs and 16 cfs was contributed by Hat Creek.  Inflow
from Cascade Springs is estimated as 20 cfs.  ET along the river bottom between Edgemont and the
reservoir is estimated as 4 cfs.  Thus, inflows from Horsehead Creek (which only has streamflow records
for WY1984-97) and other ungaged areas in the reach, are estimated as 12 cfs.

Within the reservoir, storage increased by an average of 1 cfs during WY 1955-97 and evaporation and
seepage from the reservoir is estimated as 10 cfs.  Total releases from the reservoir averaged 116 cfs, of
which 60 cfs was released to the river and 56 cfs was diverted to the irrigation canal.  Return flows to the
river are estimated as 54 percent of the canal diversion, or about 30 cfs and the remaining 26 cfs is
consumed as evapotranspiration within the irrigation unit.  Measured inflows to the Cheyenne River
downstream from the reservoir include 23 cfs from Fall River and 7 cfs from Beaver Creek.  Return flows
from irrigated areas along Beaver Creek are estimated as 2 cfs and inflows from ungaged areas are
estimated as 8 cfs, based on the long-term flow records for Hat Creek.  ET from the river bottom is
estimated as 4 cfs.  Summing the inflows to the reach and subtracting estimated ET, a long-term flow
estimate of 126 cfs is derived for the Cheyenne River downstream from the Angostura Irrigation Unit.
This estimate applies to the location of the USGS stream gage that was operated near Buffalo Gap during
WY1969-80.

WATER BUDGET AND FLOW PROJECTIONS FOR PASS-THROUGH OPERATING SCENARIO

One alternative that has been identified for future operations is that the reservoir would be operated as a
pass-through facility with the spillway gates removed or fully opened.  Under this scenario, the typical pool
elevation would be near the bottom of the spillway gates, which are at elevation 3157.2 ft.  Under this
scenario, the typical pool area would be about 2,000 acres and annual evaporation (and seepage) from the
reservoir would be reduced from 10 to 5 cfs.  Under this scenario, all flows would be passed through to
the river downstream and no water would be diverted to the irrigation canal.  Thus, changes in reservoir
storage, consumptive uses, and return flows from the irrigation unit would be eliminated.  A water budget
based on these assumptions and using flow data for WY1955-97, is shown in figure 5.  Thus, this water
budget is based on the same inflows to the reservoir as the overall water budget shown in figure 4.  For this
period, estimated flows downstream from the irrigation unit under the pass-through scenario would
increase by an average of about 32 cfs from the current operating scenario.



Appendix J-1414

Figure 5: Water Budget for Pass-Through Operating Scenarios 
(Based on flow data for 1955-97)

| <----- Cheyenne River at Edgemont 83 cfs
|
|

Hat Creek nr Edgemont 16 cfs -----> |
| <----- Cascade Springs nr Hot Springs 20 cfs
|

     |
|
| ------>Evapotranspiration from river bottom 4 cfs
|

Inflows from Horsehead Creek |
and ungaged areas 12 cfs ----------> | <----- Estimated Total Inflow to Angostura Reservoir 127 cfs

          /  \ 83+16+20+12-4=127 cfs
         /    \ <---Average change in storage 0 cfs

      /      \ -->Evaporation and seepage from reservoir 5 cfs
    /        \
  /_________\ 127-5=122 cfs
     / |

Canal Release 0 cfs --------->    / | <----- River Release 122 cfs
 / | Total Reservoir Release = 122 cfs

Consumptive Use 0 cfs<----  / |
         /    | <----- Fall River at Hot Springs 23 cfs
       /  | <----- Beaver Creek nr Buffalo Gap 7 cfs
     /      | <------------- Beaver Creek return flow 2 cfs
   /      | <-----Inflows from ungaged areas 8 cfs

Return Flows 0 cfs ---------------->|
|  ----->Evapotranspiration from river bottom 4 cfs
|
| <----- Cheyenne R. Nr Buffalo Gap 158 cfs
| 122+23+7+2+8-4=158 cfs

   |
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Potential changes in the monthly distribution of flows under the pass-through scenario were examined
using the model that was developed for making flow projections downstream from Angostura Reservoir,
which was described in a previous section.  Projected flows for WY1955-97 for gaging station 06402600,
Cheyenne River near Buffalo Gap, were presented in table 3.  As discussed earlier, this model was
calibrated by comparing projections with historic flow data for WY1969-80, with projected flows
corresponding very closely with historic flows (figure 3).  

Projected flows under a pass-through operating scenario, for WY1955-97, are presented in table 4, which
also includes "adjusted" summary statistics of projected flows for the current operating scenario.  These
"adjusted" summary statistics were derived by subtracting 3 cfs from the summary statistics for WY1955-
97 that were presented in table 3.  This was done because all values in table 3 were based on calculated
return flows of 33 cfs for WY1969-80, when canal releases averaged 61 cfs.  During WY1955-97,
however, canal releases averaged only 56 cfs and return flows were estimated as 30 cfs (figure 4).
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Table 4: Projected monthly flows, in cfs, for USGS gaging station 06402600, Cheyenne River near Buffalo
Gap, for pass-through operating scenario, with comparison to statistics for current operating scenario
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A graphical comparison of projected flows for the Cheyenne River near Buffalo Gap, for the pass-through
and current operating scenarios during WY1955-97, is presented in figure 6.  This figure includes six
graphs depicting means; maximum values; 75th, 50th, and 25th percentiles; and minimum values.  Values
for the current operating scenario are taken from the adjusted summary statistics that were presented in
table 4.  The annual mean for the pass-through scenario would be about 32-33 cfs larger than for the
current operating scenario (table 4).  This increase would result primarily from reduced evaporation in the
reservoir and elimination of consumptive use within the Angostura Irrigation Unit (figures 4 and 5).  The
monthly distribution of the increase would not be uniform, however (figure 6).  For the months of
September through December, mean flows for the pass-through scenario would be smaller than for the
current operating scenario.  Projected increases during February through July for the pass-through scenario
would be larger than the average increase (table 4).

The 75th percentiles portray moderately high-flow conditions, when there frequently would be storage
available (for the current operating scenario) to accommodate moderately high flows.  Projected 75th
percentile flows for the pass-through scenario would be substantially larger during February through
August than for the current operating scenario.  The 75th percentile values for September and October,
however, would be smaller for the pass-through scenario than for the current operating scenario.

The median (50th percentile) projected flows during March through June would be substantially larger for
the pass-through scenario than for the current operating scenario.  For several months, projected median
flows would be quite similar for both scenarios; however, projected median flows for September and
October would be substantially smaller for the pass-through scenario than for the current operating
scenario.

The 25th percentiles, which portray moderately low-flow conditions, would be quite similar under both
scenarios, for much of the year.  For March, projected flows for the pass-through scenario would be larger
than for the current operating scenario.  However, projected 25th percentile flows for August through
October would be substantially smaller for the pass-through scenario than for the current operating
scenario.  Minimum projected flows would be quite similar under both scenarios for December through
April; however, minimum flows for the remainder of the year would be substantially smaller for the pass-
through scenario than for the current operating scenario.

It should be noted that the flow projections for both scenarios are unable to portray the full range of
variability in minimum flow conditions that would actually occur.  This is because the projections are
based on average monthly values for reservoir evaporation, ET from the river bottom, and return flows.
If actual variability could be incorporated in the flow projections, minimum flow values for both scenarios
probably would be smaller for all or most months.  In spite of this shortcoming, the flow projections do
provide an excellent portrayal of probable flow distributions for both scenarios and are a realistic basis for
comparisons between the two scenarios.
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Figure 6: Graphical Comparison of Projected Flows for USGS gaging station 06402600, Cheyenne River
near Buffalo Gap, for pass-through and current (With Res.) operating scenarios 
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Figure 6 continued
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Comparisons of historic and projected flows for station 06402600, Cheyenne River near Buffalo Gap,
provided confidence that flow projections were realistic (table 3 and figure 3).  A qualitative analysis of
flow projections for the pass-through scenario indicates that projected flows are consistent with actual
hydrologic flow conditions for the Cheyenne River and tributaries in the vicinity of Angostura Reservoir.
During minimum flow conditions, the flow of the Cheyenne River at Edgemont is very small and zero-flow
conditions frequently occur at this site.  Similarly, the majority of the intermediate drainage area between
Edgemont and the downstream extent of the Angostura Irrigation Unit would produce very little, if any,
tributary inflow during minimum flow conditions.  The exceptions would be the return flows from the
irrigation unit and the tributaries that consistently have relatively large flows resulting from artesian
springflow, such as Cascade Springs, Fall River, and Beaver Creek.  Under the current operating scenario,
the minimum releases from the reservoir to the river are very small and base flow downstream consists
primarily of return flows and inflows from Fall River and Beaver Creek.  During December through April,
the estimated return flows (table 2) are quite similar to the minimum flows of about 20 cfs upstream from
the reservoir, that would be contributed by Cascade Springs.  Because those flows currently are stored
during minimum flow conditions, and evaporative effects during December through April are minimal,
minimum flows during these months would be similar under both scenarios, as shown in figure 6.  During
other months, inflows to the reservoir can be small (about 10-15 cfs) because of ET along the river bottom.
Evaporation from a reduced pool (2,000 acres) 
would still be substantial during some months; thus, minimum outflows from the reduced reservoir pool
would be very small during some months, which is similar to the current operating scenario.  The net effect
would be a large reduction in minimum flow conditions during May through November, downstream from
the irrigation unit, resulting from elimination of irrigation return flows under a pass-through scenario.

In summary, for a pass-through operating scenario, average flows downstream from the irrigation unit
would increase by about 32 to 33 cfs, relative to the current operating scenario.  The change in the
distribution of monthly flows would not be uniform, however.  The analysis of monthly flow distribution
shows that under a pass-through scenario, flows during low-flow conditions (generally less than about the
25th percentile) would be reduced for most months, relative to the current operating scenario.  For mid-
range flow values (generally about the 25th through 75th percentiles), the pass-through scenario would
result in larger flows for many months; however, flow values for late-summer or early-fall months may
not increase.  For high-flow conditions (generally those above the 75th percentile) values would increase
for most, but not all months under the pass-through scenario.  Depending on the amount of storage
available at any time, peaks for some moderately high-flow events currently are stored within the reservoir;
however, peaks are passed through when no storage is available.  Most of the largest peaks generally would
be passed through the reservoir under either scenario, because storage usually is inadequate to store the
largest flows.
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Attachment A

Supporting Data
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The following table shows a water budget for Cheyenne River between Angostura Dam and Buffalo Gap for a 45
year period of record for historic 1953-97 and future alternatives 1998-2042.  The Angostura Reservoir river and
canal releases are based on the AGRAOP Model.  The Cheyenne accretions, irrigation consumptive use, and
irrigation return flows are based on the water budget completed for the Angostura EIS.

Cheyenne River Water Budget from the Dam to Buffalo Gap Gage (cfs)

Alternative Irrigated
 Acres

Reservoir
Min.  Elev.

Reservoir
River

Release

Cheyenne 
River

Accretion

Reservoir
Canal

Release

Canal
Req.

CIR
Use

Return
Flow

Cheyenne
River At

Buffalo Gap

Historic 10,500 3163 59.9 36 55.2 N/A 25.4 29.8 125.7

No Action 12,218 3163 60.2 36 55.1 57.8 25.3 29.8 126.0

No Action 10,000 3163 68.4 36 46.4 47.3 21.3 25.1 129.5

Flow Through N/A 3157.2 120.7 36 0 0.0 0.0 0.0 156.7

Recreation 12,218 3170 62.3 36 53.5 57.8 24.6 28.9 127.2

Recreation 10,000 3170 70.0 36 45.3 47.3 20.8 24.5 130.5

Imp.  Efficiency 12,218 3163 68.9 36 45.7 46.5 21.0 24.7 129.6

Imp.  Efficiency 12,218 3170 70.6 36 44.7 46.5 20.6 24.1 130.7

Imp.  Efficiency 12,218 3175 71.5 36 43.6 46.5 20.1 23.5 131.0

Imp.  Efficiency 12,218 3184 86.1 36 27.8 46.5 12.8 15.0 137.1

Imp.  Efficiency 10,000 3163 76.3 36 37.7 38.0 17.3 20.4 132.7

Imp.  Efficiency 10,000 3170 77.3 36 37.5 38.0 17.3 20.3 133.6

Imp.  Efficiency 10,000 3175 78.0 36 36.8 38.0 16.9 19.9 133.9

Imp.  Efficiency 10,000 3184 88.8 36 25.0 38.0 11.5 13.5 138.3

Note: Historic 45 year period of study is 1953-1997 (calendar year).
The Alternatives based on the 45 year period of study 1998-2042 (calendar year).

Column Definition:
Column 1 is Alternatives developed for the EIS.
Column 2 is irrigated acres associated with each alternative.
Column 3 is Reservoir minimum elevation associated with each alternative.
Column 4 is Reservoir river releases associated with each alternative.
Column 5 is Cheyenne River accretions based on records for Fall River, Beaver Creek, Beaver Creek return flow, ungaged
inflows, and evaportranspiration from river bottom between the dam and Buffalo Gap Gage (23+7+2+8-4=36).
Column 6 is Reservoir canal releases associated with each alternative.
Column 7 is Canal Requirement of 18.74 inches/acre based on Modified Blaney-Criddle Method with 76% canal efficiency
and 60 % on-farm efficiency.  Improved Efficiency was based on 81% canal efficiency and 70 % on-farm efficiency.  This is
a good indication of canal shortages when comparing canal release.
Column 8 is District irrigation consumptive use (46% of canal releases).
Column 9 is District irrigation return flow (54% of canal releases).
Column 10 is Cheyenne River at Buffalo Gap Gage (Column 4 +5 +8)
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